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EXPERIMENTAL STUDIES
Effects of Diltiazem on Anoxic Injury in the Isolated Rat Heart
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ARNOLD SCHWARTZ, PhD, FACC, JOHN BENEDICT, BS
Cincinnati, Ohio
The effect of diltiazem, a calcium channel blocking agent,
on anoxic injury was studied in isolated perfused rat
hearts. Anoxia for 60 minutes caused a considerable
release of creatine kinase and significant cell injury.
Reoxygenation of these anoxic hearts for 20 minutes ac-
celerated the creatine kinase release and caused severe
cell injury. Reoxygenation of anoxic hearts with dilti-
azem at a rate of either 2 or 4.5 mg/liter did not reduce
Experimental evidence to date supports the concept that
calcium antagonists or calcium channel inhibitors may pro-
tect against damage produced by myocardial ischemia (I).
For example, diltiazem hydrochloride, a calcium antagonist
(2-4) has been shown to diminish the rate of hydrolysis of
adenosine triphosphate and to decrease fatty acids and lac-
tate levels in the ischemic dog myocardium when admin-
istered at the rate of 0.2 jLg/kg intravenously (4). Nagao et
al. (5) reported that admimistration of diltiazem at a rate of
20 jLg/min per kg prevented mitochondrial damage in dog
hearts subjected to a brief period of ischemia. In another
study, Weishaar and Bing (3) demonstrated that diltiazem,
when added in the perfusion medium at 0.4 ruM, that is, 2
mg/liter, reduced creatine kinase leakage and restored crea-
tine phosphate to near normal levels during ischemia and
reperfusion. Jolly et al. (2) found that diltiazem, when added
to the medium of a perfused guinea pig heart preparation,
resulted in increased adenosine triphosphate and creatine
phosphate retention levels during global myocardial ischemia.
Recently, a controversy has surfaced regarding the pos-
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creatine kinase release significantly (probability [p] >
0.05). However, the higher dosage of diltiazem (4.5 mg/
liter during both anoxic and reoxygenation phases re-
sulted in significant (p ~ 0.05) preservation of healthy
tissue. The data suggest that diltiazem in the higher
concentration prevents cell injury and reduces mito-
chondrial damage in anoxic injury.
sible protective effects of a widely used calcium antagonist
drug, verapamil (6,7). Millard et al. (8) demonstrated that
the effects of three major calcium channel blocking agents,
verapamil, nifedipine and diltiazem, on coronary blood flow
and cardiac contraction are dose-dependent, and hence a
lack of effect could be due to qualitative differences in
cardiovascular variables (for example, heart rate, atrioven-
tricular conduction and myocardial inotropic state) during
treatment with these drugs or due to inadequate dosage.
Very little is known concerning the possible effectiveness
of diltiazem against anoxic-induced damage to the heart.
The present study was undertaken to determine the effect
of two concentrations of diltiazem on creatine kinase release
and myocardial ultrastructural injury during anoxia and
reoxygenation of isolated rat hearts. The results indicate
important possible therapeutic effectiveness of these drugs
against anoxic injury.
Methods
Experimental protocol. Sprague-Dawley male Tats weighing
approximately 250 g were chosen randomly. The animals were
divided into the following groups consisting of four to six rats.
Diltiazem, when used, was administered at a rate of 2 mglliter
and 4.5 mg/liter in the perfusionmedium. The experimentalgroups
included:
Control group: perfusionof hearts with "aerobic" medium for
60 minutes (four rats).
Group 1: perfusion of hearts for 60 minutes with "anoxic"
medium (six rats).
Group 2: perfusion of hearts for 60 minutes with anoxic me-
dium containing diltiazem (six rats).
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Group 3: perfusion of hearts for 60 minutes with anoxic me-
dium followed by "aerobic" medium for 20 minutes (six rats).
Group 4: perfusion of hearts for 60 minutes with anoxic me-
dium followed by aerobic medium containing diltiazern for 20
minutes (six rats).
Group 5: perfusion of hearts for 60 minutes with anoxic me-
drum containing diltiazern followed by reperfusion with aerobic
medium containing diltiazem for 20 minutes (SIX rats).
The aerobic Krebs-Henseleit medium consisted of sodium chlo-
ride, 118 mM; sodium bicarbonate, 25 mM; potassium chloride,
4.7 mM; potassium phosphate, 1.2 mM; calcium chloride, 2.5 mM
and glucose, 5.5 mM. The osmolarity of the medium was 290
mosmol/liter. The medium was gassed with 95% oxygen + 5%
carbon dioxide for an hour before use and the pH was adjusted to
7.4. The anoxic Krebs-Henseleit medium consisted of all the in-
gredients of the Krebs-Henseleit medium except glucose, which
was replaced by 5.5 mM mannitol to maintain osmolarity and
gassed with 95% nitrogen and 5% carbon dioxide for an hour
before use. The perfusion fluids were passed through cellulose
acetate filters of pore size 0.4 pm.
Experimental preparation. At the time of experiment, the
rats were lightly anesthetized with ether and the left femoral vein
was exposed and injected with 0.4 ml of heparin to prevent blood
clotting. After 1 minute, the hearts were excised and immersed in
ice-cold Krebs-Henseleit medium until cessation of the heartbeat.
The aortic root was attached to a cannula and immediately perfused
for 10 minutes with aerobic Krebs-Henseleit medium at 80 mm
Hg presure at 37°C to achieve equilibration. The perfusion medium
was changed to the anoxic medium according to the preceding
experimental schedule. All the hearts were perfused for 10 minutes
with the aerobic Krebs-Henseleit medium to stabilize coronary
function and flow. An anoxic period of 60 minutes followed by
20 minutes of aerobic perfusion was chosen because it produces
a substantial degree of irreversible damage to the heart cells.
Measurement of creatinekinase. The coronary effluent (0.5
ml) from the isolated heart was collected in ice-chilled glass vials
at the end of the equilibration period and at the time intervals
shown in Figure I. The creatine kinase was assayed on the same
day by the methods of Oliver (9) and Rosalki (10) using Calbio-
chern single vial reagent in a Gilford spectrophotometer at 30°C
and expressed in milliintemational units (mIU)/ml of coronary
effluent per minute.
Morphologic studies. The hearts were quickly cut into small
pieces at the termination of the experiment and immediately fixed
in 3% glutaraldehyde buffered in 0.17 M sodium cacodylate buffer
(290 mosmol), maintained at the temperature of the Krebs-Hen-
seleit medium and rinsed in the buffer before postfixing with 1%
buffered osmium tetroxide for 1.5 hours at 4°C. The tissue blocks
were dehydrated in ethanol and propylene oxide and embedded in
Spurr medium.
Five blocks were randomly chosen, coded and sectioned from
each rat for light microscopic examination. The sections were cut
I pm thick on the ultramicrotome, mounted on a glass slide and
stained with I% toluidine blue. Four fields from a section were
examined under a point counting grid divided into 100 squares.
The healthy and injured tissues in each slide were identified and
recorded as a percent of the total area. The following score was
used for classifying the degree of injury in the sections. The tissue
showing no injuries of anoxia and reoxygenation was considered
healthy tissue. The observation on the anoxic Injury score and
percent of healthy tissue in the slides with a coded number was
confirmed Independently by two experienced morphologists (P.M.R.
and M.A.). The variability between these observers In the Injury
score and percent of healthy tissue was ± 0.32 unit.
Score:
o '" compact fibers, uniform staining of nuclear material.
I '" loss of striations, presence of occasional vacuoles in cy-
toplasm with mild clumping and margination of chromatin.
2 '" increased vacuoles in the cytoplasm, clumping and mar-
gination of chromatin.
3 = cytoplasmic granularity, wide interfiber space and nu-
merous vacuoles, cell separation, presence of contraction
bands, absence of I and Z bands and loss of nuclei,
4 = cell rupture and loss of nuclei.
For electron microscopic observations. two blocks represen-
tative of light microscopic examination were cut to obtain silver
sections which were mounted on 200 mesh copper grids. The
sections were stained with I% alcoholic uranyl acetate and lead
citrate and were examined in a Philips electron microscope at 60
kY.
Analysis of data. All data were expressed as mean ± standard
error of the mean. Statistical analysis and comparison were per-
formed with Student's t test.
Results
Creatine Kinase
The pattern of creatine kinase release is shown in Figure
1. The creatine kinase in untreated hearts was released dur-
ing anoxic perfusion at a rate of 890 mlU/ml, and this
increased to 1,780 miU/ml on perfusion with aerobic me-
dium (reoxygenation). Incorporation of diltiazem, 2 mg/
liter, in the anoxic medium had little effect on creatine
kinase release during the anoxic period, but its incorporation
in the aerobic medium, reduced creatine kinase release by
10% and its incorporation in both the aerobic and anoxic
media reduced creatine kinase release by II % compared
with similar perfusion without diltiazem.
In the anoxic perfusion with diltiazem, 4.5 mglliter, crea-
tine kinase release was not reduced. At this concentration
in the aerobic medium, diltiazem resulted in a decline of
creatine kinase release. Creatine kinase release after reper-
fusion was reduced by 14% on incorporation of diltiazem
during the aerobic reperfusion of anoxic hearts, and by 12%
on incorporation of the drug in both anoxic perfusion and
the aerobic perfusion media compared with a similar per-
fusion period without diltiazem (Fig. I). However, statis-
tical analysis revealed no significant relation between the
release of creatine kinase on incorporation of diltiazem in
the perfusion media and perfusion without diltiazem
incorporation.
D1LTIAZEM AND ANOXIA J AM COLL CARDIOL
1983:1(4).1081-9
1083
A
30 60 101520
B
2 mg DTZ
60 10 1520
30
30
.»,1"-----
C
4.5mg DTZ
~ 2000
~
Ql
<II
til
.=.,.;
0
,f:
Co
<II
0
s:
no
Ql.=
a;
Ql
(;
200
Figure 1. Effect of diltiazem (DTZ) on creatine kinase release.
A, The anoxic perfusion caused creatine kinase release, which
increased on reoxygenation. B, Diltiazem, 2 rng/liter, in the aero-
bic perfusion to the anoxic hearts (solid line) reduced the creatine
kinase release, and incorporation of diltiazem in both the anoxic
and aerobic media further reduced creatine kinase loss (dotted
line). C, Diltiazem, 4.5 mglliter, when present in the aerobic
medium, was slightly more effective (solid line) than the dilti-
azem present in both media (dotted line). The values are mean
:t standard error of the mean.
1
f-----Anoxic period I Reoxygenatlon
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Morphologic Studies
The summary of the IOJUry score and percent healthy
tissue as observed by light microscopy is given in Table 1.
Electron microscopic examination of the representative tis-
sues used for light microscopy confirmed these observations.
Effect of Diltiazem Treatment on Myocardial Cell
Structure (Fig, 2 to 9)
Perfusion with anoxic meJium. Sections obtained from
the hearts that were subjected to 60 minutes of anoxia re-
vealed a considerable amount of damage. There were wid-
ened interfiber spaces, occasional contraction bands, loss
of striations and the presence of many vacuoles in the cy-
toplasm. The nuclear chromatin was clumped. Electron mi-
croscopic examination of thin sections revealed distortion
of Z, M and I bands and of mitochondrial cristae. Exami-
nation of the nuclei revealed margination and condensation
of the chromatin. Occasional contraction bands were seen
and dense bodies in the mitochondria were apparent (Fig.
2 and 3). Incorporation of diltiazem, 2 rng/liter, in the per-
fusion medium reduced the contraction bands and dense
bodies compared with the anoxic perfusion without dilti-
azem incorporation. Fifteen percent of the normal tissue
was spared by the diltiazem treatment compared with un-
treated anoxic tissue. Slight edema was observed in addition
to a few cytoplasmic vacuoles. Electron microscopic ob-
servations revealed sparse glycogen granules in the sarco-
plasm. The mitochondria were less damaged and contained
fewer dense bodies compared with untreated anoxic tissue;
condensation and margination of chromatin were reduced.
With higher concentrations of diltiazem, that is, 4.5 mg/
liter, structural damage was further reduced by 58% com-
pared with anoxic perfusion without diltiazem incorpora-
tion. The structure, as visualized by light microscopy, was
compact without marked interfiber spaces. A few vacuoles
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Table 1. Semiquantitative Estimate of Cell Injury and Healthy Tissue During Anoxia and After Treatment With Diltiazem
Experimental Group
I: perfusion with aerobic medium (control)
2: perfusion with anoxic medium
3: perfusion with anoxic medium with diltiazem, 2 mg/liter
4: perfusion with anoxic medium with diltiazem, 4.5 mg/liter
5: perfusion with anoxic medium followed by aerobic medium
6: perfusion with anoxic medium followed by aerobic medium
containing diltiazem, 2 mg/liter
7: perfusion with anoxic medium followed by aerobic medium
containing diltiazem, 4.5 mg/liter
8: perfusion with anoxic medium containing diltiazem, 2 mgt
liter, followed by aerobic medium containing diltiazem, 2
mg/liter
9: perfusion with anoxic medium containing diltiazem, 4.5
mg/liter, followed by aerobic medium containing diltiazem,
4.5 mg/liter
Injury Score
o
2.41 :!: 0.18
1.49 :!: 0.12
0.86 :!: 0.24
2.90 :!: 0.05
2.21 :!: 0.28
1.37 :!: 0.87
1.48 :!: 0.70
1.46 :!: 0.2
Mean %
Healthy Tissue
100
5.05:!: 2.24
15.09:!: 5.38
58.01 :!: 10.47
2.31:!: 0.95
11.46:!: 0.89
16.88:!: 6.60
22.37:!: 8.45
29.69:!: 9.86
The values are mean ± standard error. Statistical analysis by t test revealed that the differences in injury score between Groups 2 and 3 and Groups 2 and 4 were highly
significant (probability [p] < 0.001); between Groups 5 and 6 and Groups 5 and 8 were nonsignificant and between Groups 5 and 7 and Groups 5 and 9 were also significant
(p < 0.05). The difference in percent healthy tissue between Groups 2 and 4 was highly significant (p < 0.001), between Groups 2 and 3, Groups 5 and 6 and Groups 6 and
7 was nonsigmficant, and between Groups 3 and 4, Groups 5 and 8, Groups 5 and 7 and Groups 5 and 9 was significant (p < 0.05).
and mild granularity were seen in the cytoplasm. The nuclei
appeared to be intact. Electron microscopic examination
revealed a more regular pattern of the sarcomeres. The mi-
tochondria were swollen and fine cristae were ruptured. The
Z band material was slightly smeared. Glycogen was also
present. In the nuclei, a more even distribution of chromatin
was seen (Fig. 4).
Figure 2. Electron micrograph of control heart after 60 minutes' perfusion
with Krebs-Henseleit medium. Compact cell architecture is seen. The
mitochondria (M) are elongated or oval in shape. Abundant glycogen
(arrow) is present. N = nucleus. (12,600 x, reduced by 9%.'
Perfusion with anoxic medium followed by aerobic
medium. Sections of heart subjected to anoxic and then
aerobic perfusion revealed severe tissue injury. The tissue
architecture was highly disrupted. Wide interfiber spaces
were seen, and many cells were ruptured and separated from
each other. The myofibrils lacked striations, and a large
number of vacuoles and contraction bands were present.
Figure 3. Electron micrographof heart after perfusion with anoxic medium
for 60 minutes. The tissue architecture is distorted. Contraction bands
(arrow) are seen and Z, M and I bands are absent. Few dense bodies
(arrowhead) in the mitochondria (M) and condensation of chromatin in
the nucleus (N) are also seen. (10,000 x, reduced by 9%.)
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Figure 4. Electron micrograph of heart after perfusion with anoxic medium
containing diItiazem, 4.5 mg/liter. The cell structure is preserved compared
with that in Figure 3. There is a more regular pattern of sarcomeres, and
contraction bands are not seen. The rmtochondria (M) are swollen with
broken cristae and no electron-dense deposits are seen. A few lipid bodies
(arrow) are also visible. N = nucleus. (9,800 x , reduced by 9%.)
The majority of the contraction bands were seen as thick
aggregates of sarcomeres. The cells revealed granularity of
the cytoplasm. The nuclei in most cells were not visible
and, when observed, were degenerated (Fig. 5). Electron
microscopic examination revealed disrupted sarcomeres with
indistinct Z and M bands. The mitochondria were swollen
and distorted with a large number of electron-dense bodies
and the cristae were ruptured (Fig. 6). Large vacuoles were
also seen in the sarcoplasm. The nuclei were hazy with
condensation of chromatin.
Incorporation ofdiltiazem, 2 mglliter, during the aerobic
reperfusion of anoxic hearts reduced the intensity of tissue
damage by 23%. and 11.5% of the healthy tissue was re-
tained. Edema, frequency of cell separation, contraction
bands and cell rupture were reduced. The sarcoplasm still
contained numerous vacuoles, and nuclei were degenerated
with a loss of chromatin. Although approximately II % of
the tissue was normal compared with 2.3% in the untreated
samples (Fig. 7), these differences were not statistically
significant. The normal tissue was compact and darkly stained.
Mitochondria were slightly swollen and abundant glycogen
was present (Fig. 8). Electron microscopic examination of
the damaged tissue revealed disrupted sarcomeres with a
loss of M, Z and I bands. Some mitochondria were with
ruptured cristae and electron-densebodies. The nuclei showed
condensation of chromatin (Fig. 9).
Reoxygenation of anoxic hearts with diltiazem, 4.5 mg/
liter, further reduced the damage by 52% and increased
normal tissue retention to 17%. Interfiber spaces were re-
duced and striations were seen in the myofibrils. Most of
the nuclei appeared intact. Electron microscopic examina-
tion revealed a regular arrangement of the sarcomeres. Gly-
cogen granules were visible. The mitochondria contained
fewer ruptured cristae and electron-dense granules, and the
nuclei revealed minimal margination and condensation of
chromatin.
Perfusion with anoxic medium followed by aerobic
medium, both containing diltiazem. Light microscopic
examination of the sections revealed that incorporation of
diltiazem, 2 mg/liter, reduced cellular injury in both media
by 48% compared with similar perfusion without diltiazem,
and 22% of the healthy tissue was retained. Interfiber spaces
were reduced and cell separation was less frequent. Occa-
sional contraction bands were also seen. Electron micro-
scopic examination revealed relaxed sarcomeres with few
contraction bands. The I and Z bands were more clearly
visible. Mitochondria were less damaged with only a few
electron-dense granules. The nuclei revealed condensation
of chromatin. Occasional vacuoles were seen in the sar-
coplasm. The increased dosage of diltiazem to 4.5 mg/liter
in both anoxic and aerobic media increased normal tissue
retention to approximately 30%. Light microscopic exam-
ination of the sections showed some interfiber spaces, oc-
casional cell separation, mild granularity of the sarcoplasm,
few vacuoles and contraction bands. Most nuclei were dis-
tinct. Electron microscopic examination revealed regular
arrangement of sarcomeres with twisted I bands. The sar-
coplasmic vacuoles were visible. The mitochondria ap-
peared to be swollen and some contained many electron-
dense granules and ruptured cristae. The nuclei showed
slight condensation of chromatin.
Discussion
Creatine kinase release and tissue damage after reox-
ygenation of anoxic heart. In the present study, we found
that reoxygenation of anoxic hearts resulted in acceleration
of creatine kinase release and tissue damage. Cell rupture
and the presence of numerous contraction bands and mito-
chondrial electron-dense bodies were some of the prominent
morphologic changes observed in the reoxygenated anoxic
hearts. The presence of contraction bands appears to be
associated, perhaps in a causal way, with other morphologic
changes observed. A similar conclusion was also reached
by Ganote et al. (II). This can be explained on the basis
of reports that anoxia may lead to contracture of cells with-
out the presence of contraction bands because of the avail-
ability of adenosine triphosphate (12-14). Shen and Jen-
nings (15) have shown accumulation of calcium during
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Figure 5. Light micrograph of heart after perfusion with
anoxic medium for 60 minutes followed by perfusion with
aerobic medium for 20 minutes. Highly disrupted tissue
structure with wide interfiber spaces is seen. Aggregates
of contraction bands (arrow) and vacuolization and ab-
sence of nuclei are also visible. (850 x , reduced by 4%.)
reperfusion after acute myocardial ischemia. Perhaps the
increased intracellular calcium uncouples oxidative phos-
phorylation, and hence the capacity of the mitochondria to
produce adenosine triphosphate becomes impaired (16). It
has also been reported that an increase in systolic calcium
causes alteration of energy production and stimulation of
phospholipases which, in tum, impair subcellular organelles
and cell membranes (17). Other mechanisms proposed for
anoxic cell damage include the possibility that, on reoxy-
genation after anoxia, the resumption of mitochondrial me-
tabolism may be associated with an increase in calcium
which, in tum, could result in contraction bands (18,19).
In any case, most authors agree on the potential role of
excess calcium in the induction of tissue damage and crea-
tine kinase release (20,21). We have previously demon-
strated that reperfusion of the ischemic dog myocardium
Figure 6. Electron micrograph of the heart in Figure 5,
showing contraction bands (arrow), disruption of sarco-
meres, wide interfiber spaces, swollen mitochondna (M)
with numerous broken cristae and electron-dense bodies.
The nucleus (N) also shows condensation of chromatin.
(7,800 X , reduced by 7%.)
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Figure 7. Light micrograph of a heart after perfusion with
anoxic medium for 60 minutes followed by aerobic per-
fusion for 20 minutes containing diltiazem, 2 rug/liter .
Areas of preserved tissue (arrow) with intact nuclei.
prominent striations and mitochondria are seen within the
damaged tissue (rectangle) with granular vacuolated cy-
toplasm and degenerated nuclei. (850 x • reduced by 7%.)
with calcium free plasma prevented the structural changes
that otherwise accompanied reflow (22) .
The increase in calcium is believed to be accompanied
by accumulation of electron-dense bodies in the mitochon-
dria , which may consist of calcium and phosphorus (15,23),
and appears to be responsible for cell disruption leading to
the release of creatine kinase. The creatine kinase release
and morphologic changes are not completely parallel to each
other . The differences in creatine kinase release in various
treatments were not significant , and no reduction of creatine
Figure 8. Electron micrograph of section from the preserved tissue of the
heart in Figure 7. Regular sarcomeres and bands are seen. The nuclei (N)
show even distribution of chromatin . The mitochondria (M) are slightly
swollen without disruption of cristae . Glycogen (arrow) is preserved.
(11,200 x , reduced by 7%.)
kinase release was observed during anoxic perfusion with
diltiazem, 4.5 mglliter. The measurement of protein or crea-
tine kinase release as a "marker' of cell injury in isolated
hearts during the calcium paradox has been challenged re-
cently and our present data also are in agreement with the
conclusions reported by earlier investigators (6,7). In anoxic
hearts subjected to reoxygenation, it was expected that there
would be complete tissue damage; however, the damage
was incomplete with injury scores of2.90 ± 0.05 and 2.3 %
healthy tissue . It is logical to expect tissue heterogeneity in
which some cells may not be as susceptible to injury as
Figure 9. Electron micrograph from vacuolated area shown in the rec-
tangle of Figure 7. The cell structure is severely damaged. The mito-
chondria (M) are swollen with electron-dense bodies and broken cristae .
(10,000 x reduced by 9%.)
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others. Similar heterogeneity has also been observed by
Ganote and Kaltenbach (24).
Beneficial effects of diltiazem. Our study revealed sig-
nificant potential beneficial effects of diltiazem in limiting
anoxic injury. The morphologic studies indicate reduced cell
injury and increased "sparing" of healthy or perhaps jeop-
ardized tissues in these sections with use of diltiazem. The
drug was particularly effective in concentrations of 4.5 mg/
liter, which we consider "high," but which in fact may not
be when used in a clinical setting. Although it is difficult
from these experiments to extrapolate to a serum concen-
tration, it is of interest that the drug was found to be more
effective in preserving the tissue during anoxia and reox-
ygenation. The use of 2 mglliter of diltiazem in the anoxic
medium also reduced injury, but preserved the jeopardized
tissue less compared with the concentration of 4.5 mg/liter.
As observed from these results, diltiazem appears to be
partially effective in reducing the damage caused by anoxia
and subsequent reoxygenation. Complete preservation of
tissue or prevention of injury by this drug was not found in
any of the treatments. This may be a result of the extreme
form of initial damage caused during anoxia and reoxygen-
ation before administration of the drug.
Mechanism of diltiazem's effects. The reduced ap-
pearance of calcification in mitochondria in the tissue treated
with diltiazem suggests that diltiazem in some way affects
calcium influx and mitochondrial calcium uptake during
reoxygenation. The drug has been shown to be a potential
inhibitor of sodium-calcium exchange in heart mitochondria
(25). It is possible that the drug has a direct effect on mi-
tochondria. Bush et al. (26) also reported inhibition of trans-
membrane calcium influx during myocardial ischemia in
isolated cat hearts. Our recent X-ray microanalysis study
(27) shows that calcium may increase in the extracellular
space in the diltiazem-treated papillary muscle that is over-
loaded with calcium. Whether mitochondrial "calcifica-
tion" is independent of calcium influx or of cell membrane
alteration remains to be determined. The mechanisms in-
volved in diltiazem protection of the damaged heart are
complex, probably multiple and most likely not simply due
to inhibitionof calcium influx. Further experiments are needed
to determine if this protective property is unique or whether
it is shared by other drugs loosely classified as "calcium
antagonists. ' ,
Implications. The administration of diltiazem to the an-
oxic isolated rat heart resulted in the reduction of anoxic
injury and preservation of the healthy tissue. This study,
together with our other investigation in intact animals (28),
strongly suggests the effectiveness of diltiazem against an-
oxic and ischemic myocardial injury.
We appreciate the supply of diltiazem from Marion Laboratories and grate-
fully acknowledge the assistance of the Document Processing Area of the
Department of Pathology in typing the manuscript.
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